Abstract. Many low-risk patients with solitary papillary thyroid cancer located in one lobe had undergone surgery that was less extensive than hemithyroidectomy in China. An acceptable completion surgery regimen was suggested for these patients based on our experience. A total of 117 enrolled patients underwent completion surgery. Thirty-two patients had prior tumor resection, 46 patients had prior partial thyroidectomy and 39 patients had prior subtotal thyroidectomy. No neck dissection was performed. Reoperation was scheduled a median of 1.2 months (range, 3 days-6.5 months) after primary surgery for papillary thyroid cancer (PTC). Among the 117 patients, residual tumor was pathologically confirmed in 60 patients, with a residual rate of 51.28%. Among these 60 patients, residual tumor was identified in the thyroid bed alone in 18 patients and in compartment VI alone in 28 patients, while 14 patients exhibited residual tumor in both of these regions. Lymph node metastasis was observed in compartment VI in 42 patients (35.90%), and an average of 6.5 nodes were removed (range, 2-14 nodes for each patient). Additionally, 3.14 positive lymph nodes were removed on average from each of the 42 patients. We conclude that the completion regimen, including the ipsilateral residual lobe, the isthmus and ipsilateral compartment VI (prelaryngeal, pretracheal and paratracheal lymph nodes), is reasonable and acceptable for low-risk patients undergoing surgery that is less extensive than hemithyroidectomy.
Introduction
Thyroid cancer is one of the 10 most common malignancies in populations worldwide (1, 2) . Epidemiological data from the USA have demonstrated a 2.4-fold increase in the occurrence of this disease between 1973 and 2002 (3) . No global agreement has been reached for thyroid cancer treatment, predominantly due to the fact that it is a long-standing disease with a good prognosis in the majority of patients. A lack of prospective data has meant that practice guidelines are based on large retrospective series and expert opinions. Various authoritative guidelines have been established (4) , and these have large differences mainly concerning the extent of thyroidectomy, the extent of lymphadenectomy (central compartment, lateral neck and superior mediastinum) and the post-operative treatment to be performed. The debate regarding the extent of the thyroidectomy to be performed in well-differentiated thyroid cancer focuses on total compared with less than total thyroidectomy, and there continues to be considerable controversy related to unilateral compared with bilateral central compartment dissection (5) . The guidelines are dependent on the surgical center, the approach taken by the individual surgeons, the economic situation and the quality of the medical supplies. Recently, the focus of surgical treatment has shifted from increasing the survival rate to decreasing the recurrence rate and improving the quality of life in the treatment of patients with papillary thyroid cancer (PTC) (6) This is due to the excellent prognosis of the disease, which causes operative modalities of thyroid cancer to be more complex.
China has a large area and population size; the number of thyroid cancer patients is extremely high, while the treatment methods vary due to the great disparity in the level of medical care available in different areas, implicating that numerous patients receive an insufficient level of surgery. In China, surgeons managing thyroid cancer include head and neck surgeons, general surgeons and otorhinolaryngologists. Head and neck surgeons in cancer hospitals have received specialized training and are able to perform a standardized thyroidectomy and neck dissection, with the aim of increasing the survival rate, decreasing the recurrence rate and improving the quality of life of thyroid cancer patients.
However, the number of thyroid cancer patients treated by head and neck surgeons is limited due to the fact that there are <400 head and neck surgeons in China. Although there are numerous general surgeons in general hospitals in all medical institutions throughout the country, general surgeons are typically not so experienced at managing the recurrent laryngeal nerve, the parathyroid gland and neck dissection, which may lead to tumor tissue being left behind. Addtionally, otorhinolaryngologists have only begun treating thyroid cancer in the past few years; clinical capacity and experience are yet to be accumulated. Radical guidelines in China may lead to further complications and affect the patients' quality of life. More than 80% of PTC patients belong to the low risk group, accompanied by controversial treatment of thyroidectomy and central compartment dissection. However, there is a great disparity of medical levels in different areas in China. In this study, we represent our characteristical experience of minimally accepted surgical regimen for PTC treatment based on our own experience of salvage surgery on patients with residual tumor and limited surgery efficiency.
Materials and methods
Patients and inclusion criteria. Between January 2006 and December 2009, a total of 117 patients diagnosed with papillary thyroid cancer where the tumor was located in one lobe, underwent insufficient primary thyroid surgery that was less extensive than hemithyroidectomy at other institutions. This study was conducted in accordance with the declaration of Helsinki and with approval from the Ethics Committee of Beijing Cancer Hospital and Institute. Written informed consent was obtained from all participants. Patients were suspected to have residual tumor tissue in the ipsilateral thyroid lobe and/or metastasis in the ipsilateral central neck by imaging findings including computed tomography (CT) and high-resolution neck ultrasound examination. The characteristics of patients prior to undergoing completion lobectomy are listed in Table I . The cohort comprised 94 females and 23 males whose median age was 39.3 years and ranged from 16 to 72 years. Thirty-two patients had undergone prior resection of the tumor alone, 46 had undergone prior partial thyroidectomy and 39 had undergone prior subtotal thyroidectomy. No neck dissection was performed. Hoarseness occurred in 17 cases following the initial surgery and vocal cord paralysis was confirmed by fiberoptic laryngoscopy. Reoperations were scheduled a median of 1.2 months (range, 3 days-6.5 months) after primary surgery for PTC. All available clinical, pathological, surgical and diagnostic imaging data were reviewed for accurate staging. Patients undergoing completion operation for PTC were required to meet the following criteria: i) primary tumor size <4 cm; ii) solitary tumor located in one lobe; iii) no palpable or radiological lateral neck lymph node metastases; iv) normal contralateral lobe by ultrasound; v) no distant metastases and vi) no massive extrathyroidal invasion.
Surgical contents. The extent of surgical resection included the residual affected lobe, the ithmus, the ipsilateral strap muscle adhering to the former surgical area (mainly the sternothyroid muscle and part of the sternohyoid muscle) and ipsilateral compartment VI (the prelaryn geal, pretracheal and paratracheal lymph nodes).
Surgical approach. A low collar incision was made on the previous incision, with excision of the previous scar and extension into the lower neck creases to the anterior margin of the sternocleidomastoid muscle. A subplatysmal dissection was elevated superiorly and inferiorly, elevating the neck flaps. The inferior neck flap was elevated well below the sternal notch. The infrahyoid strap musculature was cut off at the levels of the cricoid cartilage, superiorly and the sternal notch, inferiorly. The carotid artery was dissected from the level of the thyroid cartilage down to the clavicle. The recurrent laryngeal nerves were identified in areas previously lacking or with minimal dissection, thus the laryngeal nerves were identified most inferiorly in the tracheoesophageal groove. The nerves were meticulously microdissected from the clavicle to the scar area. The nerves were pulled outwards, and the lymph nodes and adipose tissue in the tracheoesophageal groove were dissected to connect with the residual lobe. Pretracheal tissues were also dissected to connect with the residual lobe. Finally, the nerves in the scar tissue regions were dissected into their laryngeal inlet, and the frequently arborized laryngeal branches were identified and completely spared. The lymphatic fatty tissues in compartment VI and around the lobe, the ipsilateral residual lobe and the ipsilateral strap muscle were cleared away according to the continuous en bloc principle (Fig. 1) . When the parathyroid tissue was identified to be distinct from the resected tissue, it was immediately finely minced and then the frozen section was pathologically confirmed. Parathyroid glands confirmed by 
Results
Overall tumor residue. Among the 117 patients, pathological analysis confirmed the presence of residual tumor in 60 patients, with a residual rate of 51.28%. Among these 60 patients, 18 had residual tumor in the thyroid bed alone, while 28 had residual tumor in compartment VI alone, and 14 had residual tumor in both the thyroid bed and compartment VI (Table II) .
Lymph node metastasis in compartment VI. All 117 patients underwent compartment VI dissection. Lymph node metastasis was confirmed in compartment VI in 42 patients (35.90%), with an average of 6.5 nodes removed (range, 2-14 nodes for each patient). In addition, an average of 3.14 positive lymph nodes were confirmed in each of these patients.
Complications. The cervical part of the recurrent laryngeal nerves was fully dissected in all 117 patients. Among the 17 patients with hoarseness following initial surgery in other institutions, 13 patients had undergone subtotal thyroidectomy and 4 patients had undergone partial thyroidectomy. Investigation during reoperation revealed that the recurrent laryngeal nerves had been completely resected in 12 patients. Of these nerves, 8 had been resected near the interaction with the inferior thyroid artery and 4 had been resected within 1 cm of the laryngeal inlet, while 5 had been sutured near the laryngeal inlet.
Among the 100 patients without recurrent laryngeal nerve damage following initial surgery, 6 patients developed hoarseness after reoperation. Other complications included hematoma in two patients, wound infection in one patient and transient hypoparathyroidism in two patients. Survival. Patients were followed up for ≥18 months (range, 18-66 months). Seven patients (5.98%) developed recurrence following reoperation. The recurrence was observed in the contralateral thyroid gland in two patients, in the contralateral tracheoesophageal groove in two patients and in the ipsilateral lateral neck in three patients. All patients with recurrence received salvage surgery and no mortality was recorded.
Discussion
The management of papillary thyroid carcinoma continues to be an area of debate and controversy (6,7), which includes the extent of thyroidectomy, the extent of lymphadenectomy and the type of postoperative treatment to be performed. The debate concerning the extent of thyroidectomy in well-differentiated thyroid cancer focuses on total versus less than total thyroidectomy. As the serum thyroglobulin level may be used as a marker of recurrence, radioactive iodine (RAI) ablation may be performed as an adjuvant therapy and multifocality is often observed (8, 9) . Western countries usually routinely perform total thyroidectomy followed by RAI ablation and thyroid stimulating hormone (TSH) suppression as the standard treatment (4, 10, 11) , particularly in patients with a tumor size >1 cm. However, total thyroidectomy is not accepted by all thyroid surgeons worldwide, particularly for low-risk patients. In the past decade, the majority of patients with primary tumors <4 cm in size, no lymph node metastases and a normal contralateral lobe determined by ultrasound examination have been treated with thyroid lobectomy alone, at the Memorial Sloan-Kettering Cancer Center (12) . This indicates that lobectomy has been accepted by Western surgeons in low-risk patients with PTC. Studies from Japan and China, which are both countries with a large population size, demonstrate that the majority of low-risk patients with papillary thyroid carcinoma become disease-free when they undergo surgery that is less extensive than total thyroidectomy (13) . Additionally, recurrent laryngeal nerve paralysis and hypoparathyroidism may be decreased, L-thyroxine may not be administered throughout the patient's life and the recurrence rate of contralateral thyroid gland of patients who underwent hemithyroidectomy has been demonstrated to be low (only 1% for T1NOMO patients in Japan) (14) . Multifocalities have been detected in the range of 15.0-43.8% (8, 9, 15) . However, for patients with a solitary tumor detected by imaging findings (the minimal focus size typically detected is ~3 mm) and with multifocalities detected by pathological examination, whether it is clinically beneficial to treat these small pathological focuses remains unclear. A study from Japan concerning microcarcinoma helps us to understand multifocalities detected by pathological examination from a different perspective (16) . No size changes were observed in 70% of microcarcinomas, while a size enlargement (>3 mm) was identified in only 6.7% of the microcarcinomas and no distant metastasis or death of the thyroid carcinoma were observed after a 5-year follow-up. The authors suggested that observation of PMC is a reasonable strategy for microcarcinoma incidentally detected by imaging studies. Therefore, microcarcinoma detected by pathology is of less clinical significance than that detected by imaging.
The treatment results of total thyroidectomy and hemithyroidectomy remain controversial for low-risk PTC (15, 17) . A study by Shah et al demonstrated that no differences in cause-specific survival, local recurrence, regional recurrence and distant metastasis at 20 years were observed between low-risk patients undergoing lobectomy and total thyroidectomy (18) . Moreover, data from China have demonstrated that good survival rates and low morbidities were achieved, and that lobectomy was suggested to Chinese surgeons (19) . Medical institutions are widely distributed in China, with a great disparity in the medical levels of different regions. Radical surgery, as with Western countries, may cause further complications and decrease patients' quality of life. Therefore, according to experiences in China and to other data, for (23) low-risk PTC, lobectomy does not decrease survival and increase recurrence rates, while it decreases complications and is suitable for use in China. Due to the aforementioned reasons, our center considers lobectomy to be the initial treatment for low-risk PTC with a solitary tumor located in one lobe. Additionally, we now perform completion lobectomy in such patients who have undergone surgery that is less extensive than lobectomy, particularly for patients who undergo nodulectomy alone for benign disease. In our study, 32 out of 117 patients who underwent surgery less extensive than lobectomy were observed to have residual tumor in the left ipsilateral lobe, which indicates that it was necessary for those patients to undergo completion surgery. Compartment VI dissection is another debated issue in PTC treatment. The value of compartment VI dissection is determined by whether it improves survival or decreases recurrence rates; whether it increases the risk of hypoparathyroidism and recurrent laryngeal nerve damage; and whether reoperation in compartment VI increases the risk of hypoparathyroidism and recurrent laryngeal nerve damage (20) .
Certain authors argue that compartment VI metastasis has no effect on long-term survival (8, 21) . Sugitani and Fujimoto reported that patients with compartment VI metastasis have a poorer prognosis than those without metastasis (22. Vini et al confirmed that compartment VI metastasis may have prognostic implications, particularly for those patients >45 years of age (12) . Current evidence shows a potential decrease in local recurrence and a possible survival benefit are associated with compartment VI dissection (23) . Compartment VI dissection may cause a higher rate of permanent hypoparathyroidism and unintentional permanent recurrent laryngeal nerve injury, while experienced thyroid surgeons are able to decrease the rate of complications. It has been demonstrated that a higher rate of hypocalcemia and nerve damage is expected in reoperation in patients with compartment VI recurrence (24) . Additionally, the diagnostic accuracy of pre-operative imaging for compartment VI metastasis is very low; ultrasonography is the most important examination and is confirmed to have a high positive predictive value and sensitivity, but a low negative predictive value and specificity (25) . For the reasons listed previously, more surgeons are considering compartment VI dissection in the initial treatment for PTC patients (26) (27) (28) (29) .
There continues to be considerable controversy related to unilateral or bilateral central compartment dissection (5) . In our hospital, we take unilateral central compartment dissection (prelaryngeal, pretracheal and paratracheal lymph nodes) to be the standard treatment for patients with PTC located in one lobe. The reasons for this are as follows: i) recurrent laryngeal nerve dissection is the basic step for both lobectomy and unilateral central compartment dissection, and tissues in these two compartments may be resected as a whole body according to continuous en bloc and tumor-isolating principles; ii) complications, including hypoparathyroidism and bilateral recurrent laryngeal nerve injury, may be decreased or possibly avoided; iii) positive lymph nodes are mainly distributed in the unilateral central compartment of the tumor, and the risk of reoperation in the contralateral central compartment would be low as no dissection would have occurred in the initial surgical procedure.
In China, treatment of the central compartment is not satisfactory, as numerous surgeons in Chinese community hospitals do not consider metastasis in the central compartment to be an important part of PTC treatment, and positive lymph nodes in the central compartment are typically ignored, which is a potential risk for recurrence. In the present study, none of the 117 patients underwent compartment VI dissection, while 42 patients had confirmed lymph node metastasis, which strongly indicates the need for routine compartment VI dissection.
Due to the evidence discussed previously, in our department, we now perform salvage surgery, which includes the ipsilateral residual lobe, the isthmus and ipsilateral compartment VI (the prelaryngeal, pretracheal and paratracheal lymph nodes), in low-risk patients undergoing surgery that is less extensive than hemithyroidectomy. The key problem is how to perform the surgery according to en bloc and tumorisolating principles following confirmation of the extent of salvage surgery required. The surgical approach that we adopted based on our own experience and understanding, and that has not been demonstrated in other studies, has been introduced in this study (detailed in Surgical approach). This surgical approach achieves en bloc resection of the ipsilateral residual lobe, the residual tumor, the isthmus, ipsilateral compartment VI and the contaminated strap muscles, according to the tumor-isolating principles that have become our standard approach to salvage surgery.
